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DONALD V. MOORE
COLLEGE OF VETERINARY MEDICINE
UNIVERSITY OF ILLINOIS
URBI\NA, ILLINOIS
TRANSIATION NO. 14
Translated from Russian by Frederick K. Plous, Jr.
Edited by Norman D. Levine
Kbeysin, Ye. M,
1967. Osnorye itogi i napravleniya protozoologicheskikh issledoraniy
v SSSR. [FundBJ.nental review and orientation of protozoological
research in the ussf/. Zool. Zh. 46:1603-1629.

Protozoology represents one of the branches of zoology studying the
major phylum of unicellular animals. These are organisms which are at the
cellular level of orga.ni~tion and have multiform associations with the surrounding
environment. The unique structure of single-celled organisms makes them an
object of study not only for zoologists, but also for cytologists in the
broadest sense of the word. Because of the fact that the protozoa.· include a
large number of parasitic organisms, they are studied as the agents of various
illnesses of man and animals from the point of view of medical and veterinary
science. Finally, protozoa. are widely employed for resolving several
general-biological questions, such as problems of adaptation, sexuality,
genetics, evolution, etc.
In our country research on protozoa. was under way as early as the
end of the last century, especially in the area of taxonomy, structure, and,
to some extent, life cycles. Here I have in mind the work of Mechnikov,
Danilevsky, Borovsky, Roma.novsky, Leshch, Lyambl' and others. I.&ter on the
study of Protozoa. was conducted in the 20th Century by such well known
protozoologists as Metal• nikov, Alekseyev, Averintsev, Shevyakov, Kol' tsov,
Dogel' , Yakimov and others. To these names are added another large number
of protozoologists who have worked successfully for the last 25 or 30 years.
The st'Udy of protozoa. in the Soviet Union bas moved in several.
directions, the chief ones beirigi
1. Taxonomico-faunistic and ecologic research into both tree-living,
primarily fresh-water pond and lake species, and parasitic protozoa.
2. Research into the structure and physiology of protozoa. and their
life cycles by various methods which include the light and the electron
microscope.

3. The study of adaptations to conditions of life among both the
free-living and parasitic protozoa..
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4. Research into the genetics of protozoa and processes of species
formation. Here a great deal of attention has been turned to mutability of
features, the nature of intra-species polymorphism, the genetic analysis of
populations, the mechanism of natural selection and the principles of
protozoan evolution. This course is associated with the general problems of
Darwinism.
Protozoological research continues to advance in these directions even
now. The intensity with which the basic directions are worked out has not
been even. Thus, for example, for a long time the genetic angle was poorly
developed, and only in the last few years has it begun to attract attention.
The free-living organisms were little studied, while the parasitic ones
received intense investigation. A great amount of attention has been devoted
to the life cycles of protozoa and in particular their cytophysiological
analysis. This has been true for both the free-living and the parasitic
organisms. Parasitic organisms have been studied primarily as the agents of
their diseases. However, questions of the treatment of protozoan illnesses,
their prevention, epidemiology and epizootiology, clinical behavior, diagnostics
and pathogenesis could not be answered in isolation from the general parasitologic problems of the relationship between parasite and host, as well as
questions of the structure, physiology and biology of the parasite itself.
So it is natural that the protozoa have been studied from all sides by different
methods and by numerous groups of investigators.
In this survey we shall review only a few of the enumerated
courses of research, chiefly those having zoologic and general parasitologic
aspects. We shall rely on what seem to us the more important and interesting
works on taxonomy, faunistics and ecology and shall likewise examine those
investigations into structure and life cycles which to one degree or another
bear a zoologic orientation.
In this article we shall not touch on any investigations of a
purely medical or veterinary character (surveys on these questions will be
presented in other journals), but at the same time we shall deal with the
inter-relations of parasite and host and with those parasitologic studies in
which the parasite--not the d.ise:::.sc it causes--serves as the center of
attention.
We are not examining any research into cytology, physiology or
the genetics of protozoa, nor any problems of adaptation. Readers interested
in these questions should acquaint themselves with Yu. I. Polyansky's (1967)
survey article in Tsitologiye,, 9, 10.
Considering the fact that sufficiently detailed surveys of the
development of protistology were published in 1938 and 1947 (See Dagel',
Polyansky and Strelkov, 1938; Polyansky and Strelkov, 1947), this survey
will review primarily those works co:npleted in the last 20 years, and only
in certain instances will the older works be cited, chiefly those which were
not mentioned in the previous surveys . As a rule, works completed prior to
1947 are not included in the bibliography, since the above surveys carry very
complete lists of literature in which the reader can find the works which
interest him.
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we shall be talking here only of the heterotrophic protozoa,
not the autotrophic or green protozoa such as the plant flagellates, which are
an object of interest mainly to botanists.
Let us now view the basic directions in protozoan research by
taxonomic groups.
1.

The SARCODINES

Perhaps the best-studied of this class are the Radiolaria and the
Foraminifera, while the crustacean fresh-water rhizopods, amebae and solaria
have been poorly studied. There are fragmentary data on the amebae and
solaria in isolated works where these organisms were used for cytologic and
genetic research (Rumyantsev and Vermel', 1925; Vermel'; Bogdanovich, 1930).
Gasovsky (1936) dealt with the rhizopods in the waters of Karelia,
but after him no one studied these protozoa.
Great attention has been devoted to the parasitic amebae, especially
to the species which form tetranuclear cysts. For many years (primarily in
the 30's and 40's) and at various points in the Soviet Union from beyond the
Arctic circle to the sub-tropics and the Soviet Far East the populations
were examined for amebic infections. Everywhere a high percentage (up to
2(Jfo) of parasitism with!- histolytica was established, altho acute amebic
dysentery was encountered comparatively infrequently. Some investigators
feel that the percentage of E. histolytica parasitism was artificially
inflated, since some of the tEtranuclear cysts taken for!· histolytica
actually belong to non-pathogenic "twin" species,!· dispa.r and!- hartmanni
(Epstein, 1941). A. A. Filipchenko (1933) felt that the pathogenicity of
!· histolytica was determined ma.inly by the state of the host and denied
the existence of other non-pathogenic species capable of forming tetranucleate
cysts. Regar.ding E. hartmanni, Sh. M. Matevosyan (1957) proposed that this
is not an autonomous species, altho in his studies on human beings he recorded
this form separately from E. histolytica. Gnezdilov (1941, 1948) thought
that not only E. histolytica, which forms large cysts, but also E. hartmanni,
which forms small ones, parasitizes man. He came to this conclusion on the
basis of a careful variational-statistical analysis of tetranuclear cysts
isolated chiefly from ameba-carriers. M. A. Sarkis'yan (1957) also supported
the existence of E. hartmanni.
V. G. Gnezdilov (1948a), studying the structure and mutability of
size in the vegetative forms and cysts of E. histolytica, noted that the forms
living in the lumen of the intestine (erroneously referred to in his paper as
commensal forms) form smaller cysts than do the tissue forms. Ultimately
strains of dysenteric amebae from carriers and patients began to be studied
in order to determine whether there are any differences in the virulence of
these strains.
Experimenting on rats, researchers succeeded in finding that the
strains obtained from healthy carriers of E. histolytica of northern or
southern origin were capable of causing an-infection in the caecum in rats
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(Schensovich, 1955; Schensovich and Solov'yev, 1961; Rogova, 1956 and others).
It was made clear that the dysenteric ameba forms strains of varying virulence.
The strains isolated from amebosis sufferers caused intes.tinal infection in
rats more frequently and intensely than did strains from non-symptomatic
carriers. However, in each group there were strains of varying virulence.
Sometimes the strains from the carriers exceeded in virulence some of the
strains from the dysenteric patients. The dimensions of the cysts obtained
from the patients and from the carriers of the dysenteric ameba were similar.
Of special interest in understanding the evolution of intestinal
amebae was the discovery of the free-living ameba Entamoeba moschkowskii in
sewage waters. This species is very similar to the dysenteric ameba {Chalaya,
1941; Rogova, 1958 and others). It is usually cultivated at low temperatures.
The resistance of amebic cysts to various factors has not been studied
very seriously. In 1937 Ye. M. Kheysin and Ye. Dmitriyeva found a considerable
sensitivity of cysts to saline solutions. Later Vinogradov-Volzhinsky (1953)
found a comparatively low resistance of amebic cysts to disinfectants and
their ability to pa.ss undamaged thru the digestive tracts of flies and
cockroaches.
The marine rhizopods (Foraminifera) have been studied chiefly in
the northern seas. Following the older works of Mesyatsev (1929), who
studied the rhizopod fauna of the Barents Sea, Z. G. Shchedrina (1948-1958)
described a multitude of rhizopod species from the Barents, Greenland,
Chukotsk and Okhotsk seas and·explained several principles of their distribution.
She, however, studied the mutability of the tests of several species of
rhizopoda. Ecologic studies of the rhizopods in the northern seas (Shchedrina,
1950) permitted precise comparisons of the species present and the hydrologic
regime in this pa.rt of the world's oceans.
There is much of interest in the finding of relict Foraminifera in
Lake Balnash-Sor (Kazakhstan, Schmalhausen, 1950) and in the ground-waters of
the Kara-Kumy desert. The first reports of such finds were in the works
of Brodsky (1928, 1929). Later three species of live Foraminifera were
observed, in the same desert by V. F. Nikolyuk ( 1948) • A great many studies
have been devoted to fossil Foraminifera, a survey of which does not enter
into our review.
After Shevyakov' s (1926) work devoted to the Radiolaria (Acantbaria)
this group of protozoa was given no attention for some time. Only in the
1959's did they seriously begin to interest V. A. Dogel' and his pupils
(Strelkov and Reshetnyak, 1959, 1963 and others). Studying the skeletons of
Acantharia and Spumellaria, Dogel' (1950) came to some interesting conclusions
as to the phylogenetic proximity of these Radiolaria and the possible paths of
their evolution. Later Dogel' and V. V. Reshetnyak (1952) studied the
Radiolaria of the northwestern Pacific and compiled a list of some 200 species
of' Spumellaria, Phaeodaria and Nassellaria. As a result of an analysis of the
vertical distribution of the various species of Radiolaria in the Kuril-Kamcbatka
depression, two categories of forms were established: the stenobathic
species, inhabiting definite depths, and the eurybathic species inhabiting
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the space from the surface horizons to a depth of 8000 meters. The eurybathic
Radiolaria, despite the fact that they may be encountered at various depths,
have a preference for one horizon or another where they are encountered
en masse (Reshetnyak, 1955).
A study of the deep-water fauna of Phaeodaria in the Sea of Okhotsk
and the Bering Sea and the northern part of the Pacific permitted several
important zoogeographic conclusions to be drawn (Reshetnyak, 1953, 1966).
V. V. Reshetnyak (1965) and M. G. Petrushevskaya (1962-1966) ma.de
detailed studies of the radiolarian fauna of the Antarctic: first a study
of Phaeodaria, then a study of Spumellaria and Nassellaria. Among the
Phaeodariae they discovered some that were endemic to the Antarctic waters
and made maps of the distribution of Radiolaria in those waters. Man:y species
common to both the Atlantic, Pacific and Indian Oceans (up to 45 per cent)
were discovered. About 2'5°/o of the species were found to be inhabitants of
both the temperate and tropic zones of all three oceans.
M. G. Petrushevskaya (1965) studied the distribution of Antarctic
Spumellaria and Nassellaria in plankton and produced some interesting comparisons
between the species of planktonic Radiolaria and the Antarctic benthic deposits
(1966). This made it possible to propound certain zoogeographic conclusions.
An extensive review of these Antarctic Radiolaria was recently published by
Petrushevskaya (1967).
Petrushevskaya devoted a great deal of attention to the compiling
of a system for the Radiolaria. It turned out (Petrushevskaya, 1962), for
example, that some of the features which had been made basic to the system
change markedly during ontogenesis and so can have no taxonomic significance.
On the basis of a detailed study of the structure and architectonics of the
skeletons of various species of Spumellaria and Nassellaria and the mutability
of skeletal form and structure, Petrushevskaya (1964, 1965a) analyzed the
contemporary system of Radiolaria.
Studies of Radiolaria are gradually expanding; at the present time
the J\cantharia of the tropical Pacific and Indian Oceans are being studied
(Strelkov, 1965), and the existing fauna and the fossil Radiolaria are also
being successfully studied (Strelkov, Khabanov and Lipman, 1959).
2.

PIROPIASMA.E AND THEILERIIDAE

These parasitic protozoa are being seriously studied as a result of
the fact that many of them cause serious illnesses--piroplasmoses and
theilerioses--in domestic animals. Many works have been devoted to the
clinical behavior of these illnesses, and to their pathogenesis, treatment,
questions of immunity, prophylaxis and epizootiology. Some of these works
have a purely veterinary aspect, and we shall not touch on them. Let us
note only that considerable success has been achieved in all these areas,
and such illnesses as piroplasmosis, babesiosis and babasiellosis of cattle,
horses and sheep, as well as nuttaliosis of horses, no longer represent a great
danger to animal husbandry in many regions of our country. Nevertheless,
as before, they have caused an enormous loss to agriculture.
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It is quite characteristic that successful conquest of purely
practical tasks has been achieved by a complex study of the agent, its vector
and its vertebrate host in the concrete surroundings of the external environment. Here the veterinary and zoologic aspects of studying the parasite and
the disease it causes are so closely related that it has been impossible to
draw a sharp line between the two in solving the problem.
Thruout the territory of the USSR numerousstudies of primarily
domestic animals have been conducted to discover the species of their
piroplasmids and theilerids in order to establish the nidi of the diseases
and the boundaries of their parasites' distribution. Such studies were begun
at the behest of V. L. Yakimov and were continued by his numerous pupils
(Yakimov, 1931). Ultimately these works were deepened and expanded by
A. A. Markov and his colleagues and pupils (Markov, 1955, 1957, 1963).
The domestic animals were found to have seven to nine species of
piroplasmids and six or seven theileriae (Markov, 1957; Nikol'sky, 1961).
At the present time we still have no finally established opinion as to the species
complement and generic and species names of some of the parasites. The
question as to the actual existence of Fran9aiella caucasica, F. colchica is
still not clear. Considerable disagreement has arisen in regard to the
autonomy of Theileria sergenti (Yakimov and Dekhtyaryev, 1930), which
parasitizes cattle in the Far East. This species is very virulent and causes
a considerable loss of livestock. To resolve this question of autonomy,
special research (Markov et al., 1963, and others) was conducted which
showed w:ithsufficient evidence that T. sergenti is a quite real species
distributed in the Soviet Far East. -Its vector--and a very specific
one--turned out to be the tick Haemaphysalis neumani (Mal'tsev, 1953,
1957; Markov, 1957, 1963). Animals which have suffered from coastal
theileriosis are still susceptible to~- annulata.
The question of the species autonomy of T. mutans is more complex.
Detailed studies by A. A. Tselishchev (1946) make it appear that T. mutans
represents a less virulent strain of T. annulata. Between the virulent
strain T. annulata and the least virulent T. mutans are several intermediate
ones -which prefer certain territories. The southern strains are apparently
more virulent than the northern ones.
In Uzbekistan I. Kh. Rasulov (1963) observed no differences in strains
of Theileria, but the North-Ka.ucasus and Azerbaydzhan strains differed somewhat
in virulence. In Uzbekistan several strains of Piroplasma biseminum which
differed in virulence were observed successfully (Li, 1963).
There is no doubt that further careful studies are needed in order
to answer these and several other disputed questions raised here as to the
species associations and intra-species polymorphism of piroplasmids and
theileriids.
In addition to the study of the species complement of piroplasmids
of domestic animals, similar research on various wild animals has been under"
taken. As far back as 1930, D. N. Zasukhin observed Piroplasma kolzovi in
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the blood of the suslik. Later piroplasmids were found in hares, hedgehogs,
gerbils and hamsters (Zasuk.hin, 1956), but they were not studied in detail.
A. M. Krivkova (1960) found P. melis in the blood of the chipmunk. M. V. Krylov
and Z. P. Zanina (1963) discovered Nuttallia tadzikistanika in the blood of
the red-tailed gerbil, and this parasite was later studied in .detail by
M. V. Krylov (1964, 1965). A. M. Shchurenkova (1939) found a blood parasite
which formed no pigment in the bird Gipaetus barbatus L. and named it
Sogdianella. Ruk.hlyadev (1939) observed Theileria cervi in the reindeer
and T. capreli in the roe deer. !· cervi was also found in the Siberian
roe tLaptev and Grobov, 1963). The question as to their being different
or identical still remains open. B. V. Lototsky (1949) and later M. V. Krylov
(1962) found Theileria lotoski in the Tugay reindeer. Experimental crossinfection with livestock yielded negative result~ which once again confirms
the narrow specificity of Theileria to its host.

Many studies have been conducted on the circulation of piroplasmids
and theileriids under natural circumstances. It was necessary to detennine
which species of ticks transmit which parasites thru what means, what happens
to the parasite inside the tick's body, whether it is preserved a long time
in the tick and how the agent is affected by the various conditions of the
external environment while inside the vector. These questions have been
examined to one degree or another by many investigators, and we now have
rather complete, but far from exhaustive answers to most of them.
At the present time the vectors of all the piropla.smids and
theileriids have been established, and it has been shown experimentally that
the same tick may transmit several species of parasite~while one species of
parasite may be transmitted by several species of ticks (Markov, 1957).
Representatives of the genera Piroplasma., Babesia, Ba.besiella are always transmitted tra.nsovarially by tick~and'the agent may be preserved within the tick
and transmitted transpvarially for more than 10 or 15 generations of ticks
even without repeated infection. During this process the parasite suffers
no loss of virulence.
Consequently, in the wild, where infected vectors exist, a latent
nidus of infection may maintain itself in the absence of susceptible vertebrate
hosts. It is a different matter where the transmission of theileriids is
concerned. As a series of investigators (see Tselishchev, 1946) has shown,
Theileria is transmitted only during the course of the tick's metamorphosis,
but not tra.nsovarially. However, according to Z. L. Korniyenko and M. K. Shma.reva,
(1944) it appears that T. annulata was transmitted transovarially by the tick
Hyalomma. turkestanica under experimental conditions. It may not be beyond
probability that in setting up the experiments the authors allowed some errors
to infiltrate their methodology and thus arrived at incorrect conclusions.
Apparently Nuttallia is transmitted in ticks thru metamorphosis also-not tra.nsovarially (Abramov, 1955; Krylov, 1964). I. V. Abramov (1952)
and V. S. Bundik (1955) observed the highly interesting fact that Nuttallia
equi miit.¥ be transmitted to a new animal by the male or female ticks after
interrupting their bloodsucking and settling on a new host to finish feeding.
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The external conditions under which ticks develop and live (Tselishchev,
1946) have some influence on the development of Theileria within them. A low
temperature does not affect the viability of the parasite inside the ticks.
However, the boundary of the vector's distribution is always farther north
than the distributional boundary of theileriosis. On mountain pastures
where the temperature is low the ticks develop., but theileriosis infections
do not occur there, which is probably associated with the effects of unfavorable
conditions on Theileria in the tick's body.
In the presence of several vectors a change in the virulence of the
parasite is observed as it passes thru the various vectors. Nuttallia equi
is more virulent from the tick Hyalom'rl)':l.. plumbeum than from the tick Dermacentor
ma.rginatus (Abramov, 1955 and o·fhers;.
A great interest has been manifested toward the recording of a
developmental cycle for piroplasmids in vertebrate and invertebrate hosts.
The greatest attention bas been turned to development in ticks. Some
investigators have observed only one pin-shaped stage in the hemol;ymph of
infected ticks, or in the eggs laic ·by an infected female (Markov and
Kurchatov, 1950; Abramov and Stepanova, 1952; Abramov, 1962; Tsaprun, 1952a;
Shep.elev, 1942 and others).
1•

Other investigators, with greater or lesser devotion to detail, have
studied the sequential stages of development and have interpreted them in
various ways. In the opinion of V. G. Petrov (1939), who studied the
developmental cycle of Babesiella bovis, and A. A. Tsaprun (1952, 1954a,
1957), who investigated the development of Piroplasma caballi, these cycles
are characterized by the presence of the kind of stages which may be treated
as stages of the sexual process similar to those in coccidia. Other authors
(Abramov, 1955; Li, 1956; Polyansky and Kheysin, 1959; Muratov and Kheysin,
1959), who studied the development of Babesiella bovis, ~-~and Piroplasma.
bigeminum could not observe any stages in the corresponding ticks which might
be taken as a sexual process. On the basis of their rather detailed investigations they noted that Tsaprun's presentation on the cycle in piroplasmids
in ticks was quite improbable or incorrect. In their opinion, the development
of Piroplasma in the tick occurs only Li the gamic manner, and the pin-shaped
forms are the agamonts which have formed as a result of asexual reproduction
of the major plasmodia.
Not long ago the development of Nuttallia tadzikistanica in the tick
Hyalomma anatolicum was investig2,ted (Krylov, 1964)". Here too the sexual
process was not observed. Undoubtedly we must have further information in
order to get a final picture of the development of piroplasmids in the bodies
of ticks.
For an understanding of the entire life cycle of piroplasmids it
was important to study the:ir develo:;?ment in the vertebrate host. N. A. Kolabsky
and others (1961) described the exoerythrocitaric stages of development of
_p. canis andf. big~minum. In the liver cells they found some sort of inclusions
which were taken for the intra-cellular stages of the parasite's development.
However, these data proved erroneous, since inclusions of a nonprotozoan
nature were mistaken for parasites. V. v. Sudachenkov (1960), M. V. Krylov
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(1962, 1964) and others failed to find intracellular stages of development
during special investigations of~- bovis, E· bigeminum and f. canis, or in
Nuttallia tadzikistanica. During the incubation period in the body of the cow
the piroplasmae localize in the erythrocytes or in the blood plasma, but not
inside the cells of other internal organs. Blood taken from the animal on
the fourth to ninth day after infected ticks have been placed on the skin
proved infectious to a recipient. Similar data were obtained during a study
of Nuttallia tadzikistanica in the red-tailed gerbil and B. bovis in cattle.
The gerbil's blood became infectious within 96 hours of the first tick
contact, while that of cattle took 48 hours (Krylov, 1964a). A. A. Markov
(1952) and I. V. Abramov and others (1952) also found that infection of
horses by Nuttallia occurs three to four days after the ticks begin sucking
blood.

The development of Theileria in vector-ticks is still very poorly
studied. It is possible to mention the work of Z. M. Bernadskaya (1950),
who studied the developmental cycle of T. annulata and failed to observe a
sexual process in this species. Dubovy-(1958) and V. M. Laptev (1961,1963)
described the developmental stages of T. annulata and T. sergenti in the salivary
glands of ticks but followed the stages of the cycle no further. One of the
basic tasks in studying Theileriae remains the investigation of all stages
of the developmental cycle, not only in ticks, but also in the vertebrate
host.
Investigations of the developmental cycle of the ,piroplasmids has
substantial significance in determining their systematic position. A, A. Tsaprun
and V. G. Petrov felt that there is a sexual process in piroplasmids, making
it necessary to include these organisms in the class Sporozoa. Yu. I. Polyansky,
Ye. M. Kheysin, Ye. A. Muratov, A. A. Markov and I. V. Abramov observed no
sexual process in the piroplasmids of the type characteristic of sporozoites,
nor did they find any oocyst stages. So they excluded the piroplasmids from
the class Sporozoa and regarded it as impossible to call the diseases caused
by these parasites hemos,poridioses, as is customary in the veterinary literature.
Apparently it is most correct to include the piroplasmids in the class
Sarcodina (Kheysin, 1963; Markov and Abramov, 1965) as a separate order. The
position of the Theileriae still remains unclarified.

3.

TOXOPLASMIDS

In recent years great attention has been devoted to the study of several little-known parasites such as Toxoplasma, Sarcocystis and Besnoitia,
which cause serious illness in man and animals. An especially large number
of studies has been devoted to Toxoplasma in connection with the significant
role which it plays in medical and veterinary practice as the agent of
toxoplasmosis. In many laboratories the clinical behavior, pathogenesis,
therapy, epidemiology and epizootiology of the disease are being studied.
Many scientific articles and books summarizing the toxoplasmosis projects
in the USSR have been devoted to these questions {see the books: Diagnosis
of Toxoplasmosis (Diagnostika toxoplasmoza), 1966; Toxoplasmosis of Animals
TToksoplazmoz zhivotnykh), 1965; Toxoplasmosis of Man and Animals-rToksoplazmoz
cheloveka 1 zhivotnykhJ, 1969. The last work is a good bibliographic review
of toxoplasmosis to which the interested reader might refer.
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In studying toxoplasma.e, in addition to purely medical and veterinary
aspects, a basic course bas been staked out, representing the prevention of
the illness. This is the study of the sources of the disease ani the paths
by which man and animals become infected, the principles of Toxoplasma
distribution among animals and the identification of strains of Toxoplasma
obtained from different animals. Investigations by many protozoologists in
various pa:rts of the Soviet Union (see Zasukhin, 1930; Diagnosis of
Toxoplasmosis, 1966; Toxoplasmosis of Animals, 1965; Musayev and Kocharin,
1§65 and others) have shown that toxoplasmae are often encountered in wild
animals, circulating among them in nature, and apparently cause epizootics.
It is not impossible that wild mammals and birds may be a source of human
toxoplasmosis and thus toxoplasmosis may be a natural nidal disease (see
Toxoplasmosis of Animals, 1965; Zasukhin, 1964) •
No strain of Toxoplasma bas ever been isolated from poikilothermic
vertebrates in nature, and apparently they cannot be infected with Toxoplasma
(Levit et al., 1965).
Tox~lasma bas been found in all domestic animals (Toxpplasmosis
of Animals, l 5). It is still not clear what paths the agent follows from
one animal to another and from the animal to man, nor has the life cycle
of Toxoplasma been fully clarified. It bas been established in experiments
that infection may occur thru broken skin and the mucous membranes during
the ingestion of infected food and, possibly, by the respiratory pathway.
The role of blo ods·ucking arthropods in toxoplasmosis transmission has not
been clarified. Various investigators have been studying the length of
survival and the development of Toxoplasma in the bodies of various arthropods
(Tarevsky and Shustrov, 1966; Bezukladnikova, 1966 and others). Despite the
fact that Toxoplasma bas maintained its viability for several weeks in some
ticks and insects, no one has yet succeeded in infecting any susceptible
animals by allowing the arthropods to feed on them. The probability is
not low that in some cases it is possible to infect vertebrate hosts from
bloodsucking arthropods by alimentary contamination (Bezukladnikova, 1966).
Strains of varying virulence have been isolated from wild and
domestic animals (Zasukhin and others, 1958; Levit, 1960; Toxoplasmosis .2!_
Animals, 1965 and others), and each of the strains bas been successfully
and accurately identified serologically. The tissue-culture method has
been used (Zasukhin and Akinshina, 1958) for the study of the Toxoplasma
itself and its diagnosis. This bas made it possible to conduct several
anatomic studies and to learn the reproductive processes of Toxoplasma to
some extent (Akinshina, 1964).
In a study of voles not only!· gondii, but also T. glareoli was
observed (Zasukhin et al., 1958; Ka.lyakin and Lisinkov, 196?5). Rabbi ts and
mice were found to have not only Toxoplasma, but also such organisms as
Encephalitozoon cuniculi (see Zasukhin, 1964, and others). In addition,
the voles were found to have M-organisms, which apprently belong to the
species!· microti. The so-called Atoxoplasma, found in birds, is
actually one of the developmental stages of Lankesterella.
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A survey of domestic and wild animals made it possible to observe
considerable Sarcocystis infections in them (Levchenko, 1963, 1964). The
development of the parasite in the host was successfully followed, but its
complete life cycle remains a puzzle. Besnoitia has been very poorly studied.
The cysts of this parasite have been discovered in cattle, and the serious
effects of the parasite on the host have bee~ observed. At the present
time it is starting to get detailed examination in Kazakhstan (Gapparov, 1966;
Vsevolodov and Gapparov, 1966).
The systematic position of Toxoplasma, Sarcocystis and Besnoitia
still remains unclear. D. N. Zasukhin (1956, 1962) felt without sufficient
grounds that Toxoplasma can be assigned to the flagellates,altho they have
no trace of a kinetic apparatus, while Ye. M. Kheysin (1965, 1966) assigned
all these protozoa to a spec5.al class Toxoplasmida and did not feel it
possible to include them either in the flagellates or the Sporozoa, as is
done by some foreign protozoologists.
A detailed study of the structure of the parasites, their methods
of reproduction and all stages of their life cycles will permit greater
accuracy in their assignment to a systematic position.

4. MYXOSPORIDIA
Marked interest in this group of protozoa began when the ecologic
direction began to develop in parasitology and fish became one of the basic
objects of parasitologic studies. As a result of planned parasitologic
research on fish from all over the Soviet Union, the m;yxosporidia have been
studied in great detail.
This research has been mainly of a systematico-faunistic character.
In 1932 V. A. Dogel' published the first definitive report on the myxosporidia
of freshwater fishes, in which he included several dozen species; later lists
of the myxosporidia of fishes appeared (Shul'man, 1958), and, finally, a
definition list for the myxosporidia of freshwater fishes (Shul'man, 1962)
appeared, containing several hundred species. All investigations of these
protozoa have been summarized in a monograph (Shul'man, 1966) supplied
with a complete bibliography on myxosporidia.
The great interest in myxosporidia arose because many species cause
serious diseases in game fish and demand organized measures to assure control
(Dogel' , 1932) .
Large and varied bodies of factual material, accumulated in the
course of faunistic studies, permitted S.S. Shul'man (1966) to make several
summarizations concerning the comparative and functional structure of the
spores, their mutability in relation to various conditions; on the basis of
a complex of features, he was able once again to survey and work out a
system of mucous Sporozoa that was closer to actuality.
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It is interesting to note the data on the effects of ecologic factors
on the character of myxosporidial fauna of a given body of water and the
different species of fish with their different biologies. For example, the
ability of myxosporidia to pass from fresh to salt water, which is determined
by the structure of their spores, was explained. A study of the physiology
of tlle parasite and host mad,, it possible to understand certain principles
under which myxosporidia iLc3.bit the bodies of marine and freshwater fishes.
A considerable influence on the species content and localization of myxosporidia
in the host is exerted by the difference in osmoregulation between marine and
freshwater fishes.
An analysis of the myxosporidial fauna of fishes in the USSR has made
it possible to discover the euryxenous and stenoxenous species, as well as
to survey the paths of evolution followed by the different representatives
within each class (Shul'man, 1966).

5. MICROSPORIDIA
This group of protozoa has been poorly studied; so far we have
no complete information on the microsporidia which basically parasitize
insects. The best-studied are the species which cause illness in bees and
silkworms known as nosematosis. In order to work out methods for controlling
this disease the life cycle of Nosema has been studied, the resistance of
the spores to various external conditions has been clarified and certain
aspects of the relationships between the parasite and host have been examined
(Mikhaylov, 1945; Poltev, 1948; Khakhanov, 1956; Berman, 1963). Recently
studies were begun on the microsporidia of dangerous insects in order to use
these parasites for controlling farm pests (Ishi, 1963, 1965, 1965a, 1966).
For the time being the objects of research have been the microsporidia of
the white cabbage worm and the Siberian Bombyx (Poltev and Sulimov, 1964).
The effects of the parasite on the metamorphosis of the host were found and
the lowered resistance to toxic chemicals of microsporidia-infected butterflies was observed. The phenomenon of superparasitism by microsporidia in
ichneumon flies of the genus Apanteles (which transmit microsporidia to
cabbage-worm caterpillars) was G.JBo explained.
Further study of these parasites is necessary for a deeper understanding of their nature.
6.

FIAGELIATES

As noted above, we sh::i.11 confine ourselves to a survey of Zoomastigina.,
of which it is priraarily the parasitic forms which have been studied.
The examples which have been studied in the greatest detail are
representatives of the fa!:1.ily Trypanosomidae, followed by the trichomonads,
lamblias and opalinids. The remaining flagellates, such Hypermastigidae, were
studied sporadically in the 20's.
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Interest in the trypanosomes is governed by the fact that they cause
serious illnesses in certain domestic animals. For this reason many works have
been devoted to the clinical behavior, pathogenesis, therapy, and epizootiology
of trypanosomoses (su-auru) of horses and camels. Detailed studies of domestic
animals in the southern republics of the USSR have turned up nidi of distribution
for various trypanosomes of camels, horses, sheep and cattle. In addition,
research VJas conducted in Kazakhstan on trypanosomes of wild animals (Galuzo
and Novinskaya, 1957, 1960, 1961), as a result of which, for example, T. eva.nsi
was discovered in many species of ruminants which quite possibly may serve as
sources of infection for domestic animals. Trypanosomes of the lewisi type,
with marked host-specificity, were observed in 17 species of rodents. For a
long time the literature debated the question of the specificity of the
trypanosomes of domestic animals and of the right of ~- ninae-kohlyakimovae,
described by V. L. Yakimov (1918) to specific autonomy. A careful investigation
by P.A. Lavrent'yev (1962) showed conclusively that this species should be
regarded as a synonym for T. evansi. This polyxenic species embraces several
races, subspecies and strains which can be distinguished by their biological
properties.
A rather complete study has been ma.de of the kinetoplastids (genera.
Trypa.nosoma, Cry:ptobia), in the blood of freshwater fishes, primarily in the
basins of the Amur, Volga, Don and Dnestr (Zalevskaya, 1950; Shapoval, 1954).
As a result many new species have been described, an index of which was published in 1962. In regard to trypanosomes of fish in the Dnestr, the relationship between infection and the way of life of the fish has been established.
There is significant interest in studies of Leishmania and the
leishma.nioses. Without relying on purely medical works, it would be useful to
mention the highly important works on the relationship between ·various species
of Leishmania with vertebrate and invertebrate hosts, the paths of parasite
distribution in nature and their structure. The most complete data on the
leishmaniosis problem were summarized in a book by N. I. La.tyshev et al. (1953).
Of special interest was the e.stablishment of two types of cutaneous leishmaniosis
governed by intra:species differences in the leishmaniae themselves. In
addition, a study of certain synanthropic and wild animals, mainly carnivores
and rodents, made it possible to discover that they had Leishmania identical
to the species encountered in man (Vavilova, 1959). A detailed analysis of
the Leishmania species of man and animals and the relationships between the
parasite and the host enabled N. I. Latysbev and A. P. Kryukova (1953) to
express some interesting thoughts on the relationships of various species and
the evolution of Leishmania.
Experimental work by A. P. Kryukova (1941) showed tha.t Leishmania.
is transmitted by sandfliea by inoculation. It was established in the case of
acute necrotizing leishmaniosis that its agent circulates in nature among
rodents and that in man this form of leishmaniosis has manifest natural
nidality (Petrishcheva, 1959). Apparently the same phenomenon occurs in
visceral leishmaniosis.
In connection with the problem of the natural nidality of leishmaniosis,
the finding of Leishmania in the blood of Middle Asian lizards takes on great
importance. However, the conneetion between these leishmaniae and the species
from warm-blooded animals is not clear.
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A significant event in the study of the flagellates was the successful cultivation of Lamblia intestinalis and later L. duodenalis by A. Ye. Karapetyan
(1960, 1961). Growth of Lamblia was found possible only when it was cultured
along with Candida and Saccharo:myces. The possibility of cultivation opened
wide perspectives for research on these organisms, especially for studies of
the relationships between these para.sites and their hosts. A. Ye. Karapetyan
(1964) explained that the addition of bile to the culture kills the Lamblia,
Apparently Lamblia cannot live in the human body within the gall bladder, but
localizes only in the duodenum, where its development is determined to a
considerable degree by synergistic relationships with yeast-like fungi.
Using cultures of Lamblia, M. M. Solov'yev (1963, 1966) studied
its division and locomotion, while Ye. M. Kheysin conducted electron-microscope
studies on these organisms.
A large amount of attention has been given to the study of trichomonads
of animals and man. In several wild animals, for example--the porcupine
(Dubinin, 1938), the red-tailed gerbil (Pak, 1960) and others--new species
of trichomonads were discovered and their biology investigated. Vaginal
trichomonads from man and domestic animals were investigated in more detail.
Trichomonas vaginalis has been studied in great detail by many investigators,
primarily from a medical point of view. In this respect we should note the
very complete research, conducted by Yu. Kh. Teras (1964) and his colleagues
in Estonia during the last 10 or 15 years. These projects established the
paths of distribution of trichomonads among human beings, their resistance to
various external conditions, the intra-species differences in virulence of
different strains, the differing resistance of the strains to osarsol and other
drugs, and different aspects of the relationships between trichomonads and
bacterial flora. At present it is considered established that trichomonosis
of the sexual passages of man is a venereal disease. The investigation of
trichomonosis of the sexual organs of cattle has had a basically applied
character and only a few works have been devoted to the biology and structure
of T. foetus (Timofeyev, 1963 and others).
We must also mention L. K. Lyubimova's (1960, 1961) investigation of
trichomonads of the nasal passages of swine. She described a new species,
!· nasalis, which accompanies atrophic rhinitis of swine but which is not its
agent.
The question as to the species complement of trichomonads has still
not been finally resolved. In the opinion of B. A. Timofeyev (1961, 1963),
trichomonads isolated from the nasal cavity, rectum and vagina of swine are
similar to one another and to T. foetus from cattle. Swine trichomonads have
been used successfully to infect cattle. It is possible that they all belong
to one polyxenic species. A. F. TUink.a (1961) studied the structure and biology
of trichomonads in the oral cavity of man.
Opalinids have been studied by a limited circie of protozoologists.
The opalinids of amphibia have been studied only by N. N. Banina (1952) and
K. M. Sukhanova (1962). In addition to purely faunistic studies, K. M. Sukhanova
studied (1953) the life cycles of many Opalinidae, changes in the reserve
nutritive matter at various stages of the cycle, and the influence of temperature
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on the cyclic changes in the Opalinidae. Definite stages in the life cycle of
the Opalinidae proved to be related to cyclic changes in the host. In spring
the sexual processes in the Opalinidae correspond precisely to the period
of sexual maturation of the host. However, K. M. Sukhanova has established
the absence of host hormonal effects on Opalina, while long presence of the
latter in winter at a temperature of 14 8 leads to preparation of the Opalina
for sexual activity 1.5 months earlier than under natural conditions. When
cultivated outside the host at high temperatures, opalinae formed precystic
forms and prepared for the sexual process without any action on the part of
the host.

7.

SPOROZOA

This group of parasitic protozoa has been studied very unevenly.
Only G. A. Shteyn (1960), for example, has been occupied with gregarinas;
she studied the gregarine fauna of benthic arthropods of the Karelian lakes.
Thirty-eight species were discovered and the relationship between infection of
the host by various species of Gregarina and conditions in the external
environment was established.
Representatives of the subclass Coccidiomorpha have been studied
the most intensively, e.specially of the suborder Eimeriidea, which play a
large role as agents of coccidiosis of domestic animals.
In the study of coccidia it is possible to note the following basic
orientations. First, the study of the species complement of coccidia of
domestic animals of the various geographic zones of the USSR. The species of
coccidia have been determined, as a rule, only on the basis of the finding of
oocysts. Due to numerous works by V. L. Yakimov (up to 1941) and his pupils,
a large number of coccidian species from domestic and wild animals have been
described. Later the coccidia of rodents inAzerbaydzhan were studied in
great detail (Musayev and Veysov, 1965 and others), as were those of Kazakhstan
(Svanbayev, 1957, 1958, 1958a, 1961), Buryat-Mongolia (Machul'sky, 1949) and
other places from time to time. Apparently, within this group of animals
there is an intensive ongoing process of species-formation among coccidia,
since, as a rule, several species could be found at the same time in one
rodent. M.A. Musayev and A. M. Veysov (1965) published a review on the
coccidia fauna of the rodents of the USSR. They examined approximately 30
per cent of the species of rodent fauna in the USSR and observed 130 species
of coccidia in them. Among the wild animals, they made relatively detailed
studies of carnivores and hoofed animals, mainly in Kazakhstan (Svanbayev,
1958 and others). No species common to domestic and wild hoofed animals were
found, and thus, there was no basis for examining the possibility of infecting
domestic animals from wild ones. In general it should pe pointed out that
coccidia are characterized by narrow host-specificity. This was shown
experimentally for coccidia of rodents (Veysov, 1964), coccidia of sheep and
goats (Tsygankov, et al., 1959; Shiyanov, 1954; Svanbayev, 1957; Melikyan,
1954) and coccidia of birds (Anpilogova, 1966).
The coccidia of wild birds have been studied comparatively poorly.
We should point out a study of waterfowl j_n Kazakhstan, in which several
species of coccidia were observed (Rakhmatulina, 1965).
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The species of coccidia of domestic animals have been studied at
various points thruout the country; almost everywhere the same species are noted
for each host. Their number has proved smaller than that known for worldwide
fauna. Sheep and goats have been studied mainly in the republics of Middle
Asia, Kazakhstan, Buryat-Mongolia, the Caucasus and in the cBntral oblasts
of the RSFSR (Krylov, 1959a; Svanbayev, 1957; Machul'sky, 1949, and others).
Coccidia have been less studied among cattle. They have been studied in
Kazakhstan, Georgia and the southern oblasts of the RSFSR (Gvelisiani,
1936; Petrov and Nikonav, 1964.
Coccidia of chickens have been studied all over the USSR (Koshkina,
1955; Machinsky, 1954; Plaan, 1956; Glebezdin, 1963; Zarin', 1966; Filatov,
1961); nevertheless, coccidia of turkeys, geese and ducks have been insufficiently studied (Baydalin, 1961; Rakbmatulina, 1965; Anpilogova, 1966).
The study of the parasitofauna of fishes has led to the discovery of
many new species of coccidia, and a handbook for their determination has
already been compiled. Experiments conducted by Ye. I. Zmerzlaya (1964) have
made it possible to establish that some species of fish coccidia are not
narrowly specific as regards hosts, as has been shown for coccidia of terrestrial
vertebrates. Thus, for example,~- carpelli from the carp may develop in
weed fishes, and on farms with fishponds carp may become infected from other
fishes.
While most investigators have described species of coccidia on the
basis of their oocysts, without asking any questions about the taxonomic
significance of individual features, some scholars have conducted special
research on the mutability of oocysts in order to determine the possibility of
using one feature or another as a criterion of species. Coccidia of the
rabbit have been studied in the greatest detail according to this plan (Kheysin,
1957, 1957a). On the basis of a study of oocyst descendants obtained by
infecting animals with single oocysts of a definite species, it was established
that all the features of the oocysts may change considerably, depending on the
intensity of the infection, the time when the oocysts were formed and the
individual properties of the host. Ye. M. Kheysin (1961 and others) expressed
the opinion that the criterion for the species of an oocyst is not merely
the difference between oocysts examined, but the full range of variations in
features and the degree of their constancy. In many cases the variable
features of the oocysts of various species overlap to a considerable degre~.
In addition to rabbit coccidia, the variability of oocysts of sheep
and chicken coccidia (Krylov, 1959c; Kogan, 1965 and others) has been studied
according to the methods of statistical variation. As a result, several
species described earlier on the basis of accidental findings of individual
oocysts were combined into synonyms (Kosbkina, 1955; Krylov, 1959a and others).
The second direction in the study of coccidia is the investigation of
endogenous cycles. In this respect rabbit coccidia have been studied almost
exclusively (Kheysin, 1948, 1957, 1957a and others). Seven species were
studied from clonal material. Each species was characterized by the structure
of the agamic stages of development and the number, structure of gamonts,
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length of development, and localization in the cells of the infected organ.
Similar research was conducted also with coccidia from Vinogradov's gerbil.
Some, by no means complete data were obtained on the development of!· carpelli
in the carp (Khyesin and Zaika, 1960, 1960a; Zmerzlaya, 1965). All coccidia
of w:3.rzn-blooded animals were characterized by a rigidity of the developmental
cycle in time (Krylov, 1959a and others). When an animal is infected once,
the host frees itself of the parasite within a certain amount of time.
The third direction is associated with study of the age and seasonal
dynamics of coccidian infections in domestic animals. Such research has been
conducted in various areas on coccidia of birds (Koshkina, 1955; Svanbayev,
1952; Shiyanov, 1957; Glebezdin, 1965a; Zaryn', 1966 and others), sheep
(Krylov, 1959 and others), cattle, turkeys and waterfowl (Svanbayev, 1952;
Anpilogova, 1965).
The last direction is associated with the effects of external
factors on the oocysts both in the labpratory and in nature. The resistance
of the oocysts of rabbit coccidia has been studied in relation to various
chemical substances (Kheysin, 1935, 1937; Orlov and Aytykina, 1936). The
oocysts proved resistant to many chemical factors, but they were sensitive,
too, especially in the period when the nucleus of the zygote divided, to
ultraviolet light.
In recent times there has been an intensive study of the survival
rate of oocysts in soils of the different lands-capes and different latitu¢es
of our country. At the same time sporulation of oocysts at various seasons
of the year and under differing external conditions has been investigated
(Anpilogova, 1965; Glebezdin, 1965a; Filatov, 1961; Machinsky, 1954; Krylov,
1959b; Melikyan, 1955). The data on survivability of oocysts under actual
external environmental conditions are of great significance in the organization
of rational measures for prevention of coccidioses of domestic animals.
The data on coccidia of fann animals have been summarized in a
book by N. P. Orlov (1956). Not long ago a book by Ye. M. Kheysin (1967)
appeared, in which studies on the life cycles of coccidia of domestic
animals were summarized.
Many studies have been devoted to the hemosporidia, altho they
have been studied primarily in the medical aspect. This can be explained
by the fact that the greatest amount of attention has been given to malaria,
the elimination of which has been the fruit of a great and selfless effort on
the part of scholars and practitioners. The actual malarial parasites have
been studied comparatively poorly and one-sidedly from a parasitologic
and zoologic standpoint. There is definite importance in the studies showing
the presence of two subspecies of Plasmodium vivax with long and short
incubation periods (Nikolayev, 1935).

Not much has been done on the study of life cycles. When chickens
were experimentally infected, exoerythrocitaric stages of P. gallinaceum were
observed at the point where the sporozoites were injected Tvasina and others,
1951). The tissue forms of malarial plasmodia have been successfully obtained
in tissue cultures and in chick embryos (Zasukhin, Vasina, 1956).
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A series of projects has been devoted to the effects chiefly of low
temperatures on the development of malarial parasites in the bodies of the
vectors. These studies are of great importance in our understanding of certain
principles of malaria distribution in the northern regions of our country
(Lysenko, Levitanskaya, 1952; Pavlova, 1952; Shishlyayeva-Matova, 1952 and
others).
Special studies on birds have made it possible to discover certain
species of Haemoproteus and Leucocytozoon in their blood (Zasukhin et al.,
1949 and others; Zmeyev, 1936).
Representatives of the order Adeleida have scarcely been studied.
In the blood of reptiles and amphibians in the south of the country individual
stages of development of hemogregarinae have been observed and new species
have been described (Zmeyev, 1936; Krasil'nikov, 1965, 1965a and others).
Hemogregarinae have also been studied from freshwater fishes (see Handbook
of Parasites of Freshwater Fishes of the USSR, 1962). (Opredelitel' Parazitov
Presnovodnykh Ryb SSSR).

8.

INFUSORIA

Of all the protozoa, the Infusoria have received the most all•encompassing
attention. Along with works on taxonomy, faunistics and the ecology of Infusoria,
these protozoa have been the object of detailed structural, physiologic and
genetic research. Finally, some of the problems of intraspecies polymorphism
and the problem of species have been studied in the free-living and parasitic
Infusoria (see Polyansky and Strelkov, 1947). The study of reproduction and
life cycles of Infusoria has especially attracted the attention of Soviet
protozoologists. Here, along with anatomic projects, physiologic and ecologic
studies of life cycles have been illuminated in detail in an article by
Yu. Polyansky and A. Strelkov (1947). Subsequent works on the structure,
cytophysiology, genetics and other closely related questions, begun in the
50's, have been summarized by Yu. I. Polyansky (1967). In this article it is
primarily the works on taxonomy, faunistics and the ecology of Infusoria
which will be surveyed.
The free-living Infusoria have been studied comparatively little. A
series of old works was devoted to describing the infusorial fauna of Baykal
(Gayevskaya, 1933), where many endemic forms and fonns related to the marine
species were found. Several studies were devoted to the marine pelagic
infusorian Tintinoidea (Rossolimo, 1922, 1927). For a long time no faunistic
studies were conducted, and only in recent years did the study of free-living
Infusoria begin. We should mention A. V. Yanovsky's (1964, 1964a) works, in
which many species of sapropelic Infusoria belonging to various families of
the orders Holotricha and Heterotricha are described. A. V. Yanovsky produced
a revision of the Heterotricha system, relying mainly on the structure of the
ciliature and the kinetome, and noted the paths of evolutionary reconstruction
within several families of sapropelic Infusoria.
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Of special interest in the ecologic plan is the study of Infusoria
inhabiting the surface layers of marine sands. This is a highly unique ecologic
group of so-called psammophilic Infusoria almost never before studied in the USSR.
There are only brief reports on the littoral Infusoria of the Barents Sea
(Gasovsky, 1916) and the White Sea (Brotskaya, 1951). It is interesting that
protozoa which, together with seaweed, form a unique biocenose have also been
discovered in the surface layers of sand on the banks of the Oka River and on
the Trans-Volga steppes (Zasukhin and others, 1927-1931).
During the last 10 years the psammophilic Infusoria have become the
object of more careful study (Raykov, 1960-1964; Kovaleva, 1966; Agamaliyev,
1966). A large number of species, some 50 or 60 per body of water, have been
described for the Barents Sea, White Sea and Sea of Japan, the Black Sea and
the Caspian Sea. Basically, what was found were representatives of HolotrichaGymnostomata and Trichostomata. I. B. Raykov mentioned among the Infusoria
of the sea sands many fonns with primitive construction of the nuclear apparatus.
Apparently the interstitial fauna of the marine Infusoria, which preserves
several primitive structural features, is very ancient. Comparison cf the
fauna of various seas and oceans has revealed a considerable sharing of the
species complement, testifying to the cosmopolitan character of the interstitial
infusorial fauna. It is interesting that the fauna of psammophilic Infusoria
in the Caspian has a purely marine character (Agamaliyev, 1966).
In connection with the psammophilic Infusoria, attention should be
turned to another ecologic complex--soil protozoa, in which the Infusoria play
no small role. For many years a discussion was carried on in the literature
about the role of soil protozoa in the various soil processes. In the 30's
Brodsky expressed the opinion that the protozoa could be used as bioindicators
of various soils and that they had a positive influence on the nitrogen
balance. Apparently this is true for southern soils, while in the north the
role of protozoa has proven quite insignificant (Dagel' et al., 1927-1931).
In recent years V. F. Nikolyuk et al. (1962, 1964, 1965) have begun
to study soil protozoa in Uzbekistan. In his opinion (1956, 1964,1965) these
organisms play a large role in soil fertility. Detailed research has shown tbiit
the Infusoria, flagellates and amebae in normally moistened soils are capable
of reproduction and distribution. They are inseparable members of the soil
microbiocenoses (1956). They do not develop to the same degree in all soils.
For example, in the virgin soils of the semidesert there are fewer protozoa
than on plowed lands. They are concentrated in the zone where the root systems
of the plants are found. The amebae and Infusoria in the soil feed on
microorganisms. In particular they use bacteria of the oligonitrophilic group
for food; in their presence the protozoa develop more intensively. Of great
importance is the fact that nitrogen bacteria accumulate nitrogen much faster
when dwelling in association with protozoa than they do without them. In the
opinion of v. F. Nikolyuk (1962, 1965), the soil protozoa, in particular
the Infusoria, excrete growth-activating substances which stimulate the
nitrogen-accumulating powers of the bacteria. In addition, it has turned out
that the infusorian Colpoda, when irradiated by ca60 gamma-rays, activates the
nitrogen-fixing capabilities of the bacteria in adjacent plants more than do
non-irradiated Infusoria (Mavlyanova, 1964, and others). Soil protozoa may
likewise activate the decomposition of cellulose by cell-destroying bacteria.

20

The metabolites of the protozoa, in addition to acting on bacteria, stimulate
the growth of plants. If, for example, cotton seeds are treated With cultures
of Infusoria, their germinating ability is increased.
Not long ago the interesting fact of antagonism between soil protozoa
and fungi was observed. Several fungi harmful to the development of cotton
do not develop in the presence of amebae or Infusoria. When cultures of
fungi and amebae are grown together, the latter suppress the development
of the spores and microscleration of the fungus. The protozoa excrete
anti-fungal substances (Tapil'skaya, 1965, 1966).
The parasitic Infusoria have been more completely studied. Prior
to the Second World War the only Infusoria which had been studied in detail
were the Astomata, which parasitize oligochaetes. and mollusks (Rossolimo,
1925-1929; Polyansky, 1925; Kheysin, 1928-1930). Reviews of the taxonomy,
structure and ecology of these Infusoria from Lake Baykal was published by
Kheysin in 1930 and 1947. The infusorian Ancistidae and Hysterocinetidae
from the mollusks of Lake Baykal have been studied (Kheysin, 1932; Nikolayeva,
1929, and others). In later years practically no one was occupied With these
Infusoria. A small work was produced on the Barents Sea by Ye. P. Florova
(1957) in which several species of Astomata from littoral oligochaetes were
described. Ye. M. Kheysin (1952) investigated the relationship of the tempo
of contractile vacuole pulsations in astornatic Infusoria parasitizing fresh~
water, soil and marine oligochaetes. It turned out that in the same species of
infusorian from different hosts, the pulsation tempo changes markedly in
response to changes in the osmotic pressure of the environment in which the
host lives.
The situation is the same with another group of Infusoria--the
Entodiniomorpha from the intestinal tract of the cloven- and non-cloven
hoofed animals. Until the 1940's the fauna of these Infusoria from
the rum en . of ruminant animals had been under study by V. A. Dagel'
and his pupils (Polyansky, Strelkov and others). The systematic and
anatomic studies of V. A. Dogel' were summarized by him in a large monograph
(1927) and in a subsequent handbook (1929). Yu. I. Polyansky, A. A. Strelkov
and Isakova-Keo (1933) later studied the paths of infection followed by
these Infusoria. Great attention has been devoted to the effects of the
ophryoscolecids on the host (Polyansky and Strelkov, 1935) and on the
character of intraspecies polymorphism in many species (for more details
see Polyank.sy and Strelkov, 1947). A. A. Strelkov (1939) described many
species of Entodiniomorpha from the intestine of non-cloven hoofed animals
and made a detailed stuay of the structure of these Infu.soria and their
distribution in the hosts's intestine.
V. A. Dogel' (1946) described Infusoria from the rumen of the
sayga in Kazakhstan and observed many species shared with the northern
reindeer. Yu. I. Polyansky, A. A. Solov'yev (1959) studied these Infusoria
in the goral.
A large amount of factual material enabled V. A. Dogel' to express
several considerations relating to the parallel evolution of infusorian
Entod.iniomorpha along with their hosts (1946), while Yu. I. Polyansky (1948)
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wrote an interesting summary on the origin of a complex of Infusoria from the
rumens of ruminant animals.
For the last 20 years investigations have been conducted on a complex
of Infusoria inhabiting the digestive tracts of sea urchins. In addition,
there has been a study of the Infusoria of marine mollusks and holothurians,
the ectoparasitic infusorian Urceolariidae widespread on fishes, as well as
other Infusoria parasitizing fishes, representatives of the family Scyphidiidae
from the nasal pits of freshwater fishes and amphibians and the Infusoria
Balantidium and Nyctotherus parasitizing the intestines of many animals.
The complex of Infusoria in sea urchins was studied in the Barents
Sea and in the Soviet Far East (Polyansky, 1951; Polyansky and Golikova, 1957
and others; Strelkov, 1959). It consists of representatives of different orders
and families. It is interesting that simplification of organization was not
observed in any of these parasitic Infusoria (Polyansky, 1955). Infusoria
are encountered only among the sea urchins which feed on plant matter and
inhabit the littorals. If the host goes deep into the sublittoral, the
Infusoria in it disappear. All of them are characterized by the ability to
live in various species of hosts, and their distribution by host is determined
by the ecology of the latter. A zoogeographic analysis of the fauna of this
complex showed that some species have very wide distribution, while others tend
to occur only in the Atlantic or the Pacific. In the opinion of Yu. I. Polyansky
(1951), the transition of various Infusoria top:i.rasitism in sea urchins
probably occurred independently in various parts of the seas all over the globe.
Several new and very interesting species have been observed in marine
mollusks and holothurians in the Sea of Japan (Polyansky, 1951). Among them
the new genus Policycla from the intestines of holothuria should be pointed
out. It is a member of the Peritricha and close to the Urceolariidae.
It might be said that the greatest amount of attention has been
turned to the ectoparasitic Infusoria of fishes belonging to the family
Urceolariidae. In addition to several older works (Peshkovskaya, 1923; Dagel',
1940), the basic research on these Infusoria developed after the Second
World War in connection with an intensive ecologo-parasitological study of
fishes (Poly-dnsky, 1955; Shteyn, 1954, 1961, 1966; Bogdanova, 1963; Bogda.nova
and Shteyn, 1963; Zhukov, 1964 and others). As a result many new species were
described and a revision of the most widespread genus--Trichodina--was
produced. In order to construct a system for these Infusoria a detailed
study was made of the attaching disc, its mutability and the nuclear apparatus.
In addition, the ecology and relationship of the parasite to the host were
examined. As a result a complete identification system for some 100 species of
the family Urceolariidae on fishes in the USSR was compiled.
The ecologo-parasitological approach to the study of Trichodina
enabled researchers to establish a certain relationship between the infestation
of fishes by various species of Infusoria and the host's way of life, its feeding
behavior, the depth and dimensions of the body of water and a whole series of
other conditions in the external environment (Kandilov, 1964).
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Along with these Infusoria a unique fauna of round-browed Infusoria
of the Scyphidiid.ae was discovered in the nasal pits of freshwater fishes and
amphibians and on the surface of their bodies. Up to 30 species of such Infusoria
were observed on the fishes of the Far East (Timofeyev, 1962, Handbook of
Parasites of Freshwater Fishes of t h e ~ ' 1962Topredelitel' parazitovpresnovodnY:kh ryb SSSR_7);
A detailed study was made of the infusorian Ichthiophthirius which
parasitizes freshwater fishes (Bauer, 1955 and others).
The structure and systemstics of Infusoria of the genus Nyctotherus,
which occurs in the intestines of amphibians, have been studied by K. M. Sukha.nova.
(1962). Great attention was given to Infusoria of the genus Ba.lantidium, since
they number among themselves representatives which are pathogenic for man and
swine (B. coli). The first thing to be explained was the distribution of these
Infusoria among swine, rats and human beings (see Apasov, 1957; Vaidova, 1959)
and the possibility of man's becoming infected from swine. In connection with
this a study was made of the species of Balantidium from swine and man, and on
the basis of several factors the opinion was expressed that B. suis and B. coli
represent different races of the same species (Pik and Kheysin,~O). Lat~
several investigators showed the correctness of this opinion, and B. coli was
observed in rats which were found to be in contact with swine, and-in~rs
(Vaidova, 1959 and others). In experiments rats were easily infected with
any strain of B. coli (Kheysin and Pik, 1946). In the intestine the Infusoria
may live in the lmoon of the organ or may penetrate the wall. In swine,
as has been explained, penetration of Infusoria into· the wall of the intestine
occurs only when carbohydrates have been missing from the diet. The conditions
of cyst-formation in various species of Balantidium have been studied by
K. M. Sukhanova (1955) and S. M. Vaidova (1959).
In addition to special works on taxonomy, faunistics, ecology and
other questions, our literature has had several summary works devoted to
disputed questions of the building of a protozoan system. This was the work of
Yu. I. Polyansky and Ye. M. Kheysin (1954), in which a detailed foundation was
given for a system of large taxa for the protozoa and adjacent unicellular
organisms (bacteria, Moshkovsky, 1965). In addition, they surveyed the
systematics of individual classes (Sporozoa--Kheysin, 1956; Microsporid.ia and
Myxosporidia--Shul'man, 1966), and, finally, they examined the systematics
of individual groups of protozoa, the systematic positions of which are still
not clear (such as the piroplasmids, Theileria, Toxoplasma., Haplosporidia-Kheysin, 1956, 1963, 1966; Zasukhin, 1956).
The interest in protozoology has been expressed in the creation of
special handbooks on medical (Epstein, 1930), veterinary (Yakimov, 1931) and
general (Dagel', 1951; Dogel' Polyansky, Kheysin, 1962) protozoology, as well
as practical aids on medical Laboratory Methods of Studying Patho~enic Protozoa
/iaboratornyye metoQy issledovaniy pa.togennykh prosteyshikh, 195;[/. and
veterinary ( Dzasokhov, 1959) protozoology.
The above far-from-complete survey of certain directions in protozoologic
research shows clearly the fruitful extent to which this branch of biology has
developed. It is highly characteristic that theoretical research has, to one
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degree or another, always been accompanied by a practical orientation and
has been associated with the concrete tasks of practice, while some practical
questions have been solved in a con:![)lex and multifaceted manner. Undoubtedly,
many groups of protozoa have not been studied sufficiently, and filling these
gaps will be the task of further investigations.
It is necessary to point out that at the present time all the
prerequisites exist for an expansion of protozoologic proj=cts as a result
of the fact that all the protozoologists in our country are united from
this year onward into the All-Union Society, one of whose tasks is the planned
and coordinated study of this branch of science. Another important moment
which will undoubtedly play a great role in the stimulation of protozoological
research in our country will be the III International Congress of Protozoologists
which will be held in Leningrad in 1969.
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